Abstract-In the present study Al-ZrB2 composite were made by powder metallurgy route adding different amounts of synthesized ZrB2 powder (2, 4, 6, 8, 10 wt. %) 
INTRODUCTION
In some situations Powder metallurgy (P/M) may be the only manufacturing technique which can be used for the production of composite materials, porous materials, refractory materials and high duty special alloys. P/M gives an edge over other manufacturing techniques in cost efficiency, for higher volume production of complicated components. In most cases such components are manufactured using a conventional P/M route which involves deformation of the metal powder followed by sintering [1] .
Aluminium metal matrix composites were gaining great scope for applications within aerospace, defense, automotive industries and various other fields [2] . Aluminium MMCs have a great application potential in automotive engineering components i.e, braking systems, piston rods, piston pins, pistons, structural frames, valve spring caps, brake discs, disc brake caliper, brake pads, cardan shaft, engine heads etc. Axle tubes, reinforcements, blade, gear box casing, turbine, fan and compressor blades are some other significant applications in military and civil aviation for Aluminium MMCs. MMCs and alloys are extensively used over metals as they offer higher specific properties (properties/unit weight) of strength, stiffness, higher specific modulus, thermal stability, tribological properties and various other mechanical properties which enhances the product performance [3] [4] . Titanium diboride (TiB2) and zirconium diboride (ZrB2) are significant boride ceramics which exhibit superior properties like high melting point, extremely high hardness and wear resistance, low specific gravity, magnetic, electrical properties, with high mechanical properties and chemical inertness at elevated temperatures. In the present study an attempt was made to investigate the deformation behavior of Al-ZrB2 composites under triaxial stress state conditions. There were few researchers who reported on the deformation behavior of Cu-SiC, Cu-TiC, Al-Cu, Cu-ZrB2 etc. The ZrB2 used was synthesized by using self-propagating high temperature synthesis (SHS).
II. EXPERIMENTAL DETAILS Aluminium:
Aluminium powder (99.99%) was procured from SRL pvt.ltd, Mumbai, India. The particle size of the Al powder is found to be 40µm (-325 mesh size). The particle morphology of aluminum powder was shown Fig. (1a) . 
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(1) The 20gm mixture of charge was placed in a stainless steel boat and heated upto 800 0 C at a rate of 10 0 C/min. The reaction gets initiated at 720 0 C. The whole reaction process was carried out in a tubular furnace with continuous supply of argon gas to maintain controlled atmosphere. The reacted mixture was grounded and leached with HCL solution and ZrB2 powder was tapped [5] . The particle morphology of SHS ZrB2 powder was shown Fig. (1b) .
Compaction:
Compacts of 20mm diameter of pure Al and Al-ZrB2 (2, 4, 6, 8, 10 wt%)were made in different aspect ratios (L/D) i.e; 0.35, 0.5, 0.65 The variations were achieved by varying powder quantities and compaction loads respectively. A 25Ton manual hydraulic press was used for compaction of powder preforms.
Micro-hardness test:
The surface of the preforms was polished to mirror finish by conventional polishing techniques. Micro-hardness tests were conducted on SCIMADZU micro-hardness tester. 200gm load and 10sec dwell time during loading are the parameters used during micro-hardness tests.
Cold deformation experiments:
The density measurements of preforms were carried out using Archimedes principle. The height and diametric measurements were recorded by digital vernier calipers. All the deformation experiments were carried out on a 50Ton hydraulic press with mirror polished flat dies (top and bottom flatens). A constant ram feed rate of 0.7mm/min was maintained during all the deformation experiments [6] . Extreme care was taken to place the cylindrical specimen within the platens, concentric with the central axis of the hydraulic press (loading direction). Cylindrical preforms were cold upset between flat platens. A set of 6 preforms of same composition were used in incremental loading conditions in order to make a plot for true axial stress and true axial strain. This was because, to determine dimensional measurements and other calculations at different points during loading upto fracture. Axial deformation was continued until a visible crack appeared on the free surfaces of the deforming compacts as shown in 
Theoretical analysis:
In the upsetting of P/M parts as shown in Fig. (3) , the height decreases, the average density increases, and the various stress increases. The expressions for the normal stress (σz), normal strain (εz), hoop stress (σθ), hoop strain (εθ), hydrostatic stress (σm), effective stress (σeff), and effective strain (εeff) are taken from Selvakumar et al. [7] and Narayanasamy et al. [8] .
Initial diameter-(Do). Initial height-(ho).
Initial preform density (ρo).
Contact diameter at the top-(DCT). Contact diameter at the bottom-(DCB). Bulged diameter-(DB). Height of the preforms-(hf). Density of the preforms-(ρf).
Using the load, dimensional parameters and density, different true stresses (namely σz, σθ, σm and σeff) and different true strains, (namely εz and εθ) and workability parameters (βσ).
Hoop stress,
Hydrostatic stress, = The Fig. (5) shows that the experimental micro hardness values of the composites are higher than the theoretical hardness values upto 6% ZrB2 and then lower than theoretical values because of increased porosity as the ZrB2 quantity increased in the composites. The sintered microstructure of pure Al and Al+10% ZrB2 were as shown in fig. (6) . the scanning electron microscope micrographs show that there was no chemical bonding between aluminum and ZrB2 particles. The porosity increased with the increase in the ZrB2 reinforcement in the composite. This was because the hard ZrB2 reinforcement particles inhibiting the transfer of load during compaction which resulted in low relative density. The Fig. (7) shows the microstructure of Al+10% ZrB2 composite showing the closure of pores due to deformation there by increase in the density. 
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Fig. 7: a) SEM micrograph of Al+10% ZrB2 before deformation& b) SEM micrograph of Al+10% ZrB2 after deformation upto fracture
The Fig. (8) Shows the relation between the relative densities attained and the axial strain for the Al-ZrB2 preforms.
Fig. 8: Relative density(R) Vs Axial strain.
A statistical curve fitting techniques were adopted on the curves of results obtained and the prediction equation developed from the curves was checked for its applicability by comparing the correlation coefficient 'R 2 ' values. These values can be used for modeling purposes and can also serve as prediction equations. In the present study, two different curve fitting techniques namely power law and parabolic curve fitting were used. Fig. (9-11) shows the plot drawn between relative density and formability stress index (β). A statistical fit was made using polynomial function and power law function. From the Fig. (12-13) it was found that the relative density increases as the stress ratio parameter increases. The Fig. 15(a-c) shows the plot of axial stress (σz) against the relative density R. The experiment has been done with preforms with initial densities ranging from 0.6 to 0.75 and aspect ratios ranging from 0.35 to 0.65. Along with the densification, the load bearing capability of the preforms also increase, as is evident from the higher stress values in the plot 15(a-c) It was found that the preform with 10 % ZrB2 and 0.35 aspect ratio had densified more. Preforms with high initial preform density had higher load bearing capacity and longer IV. CONCLUSIONS  The porosity increased with increased quantity of ZrB2 reinforcement, as the ultra-hard ZrB2 particles in the composite don't allow the load applied while compaction to close the pores.  The hardness of the composites increased with increased amount of ZrB2 reinforcement in the composite.  The formability behaviors of sintered Al-ZrB2 composite preforms had been studied in this paper. The formability stress index increased with increase in initial preform fractional density and decreases with the aspect ratios. A statistical fitting methods were to draw curves between the relative density and axial strain, axial strain and the formability stress index. The parabolic curve fitting was found to give better prediction results. The initiation of crack appeared at a very high fracture strain for the compacts with higher value of the aspect ratio and high initial preform density.
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